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Associations between persistent postoperative anaemia
and mortality 1 year after valvular heart surgery: a
retrospective cohort study*

Hee Won Choi, Hyun-Soo Zhang, Jae-Kwang Shim, () Jin Sun Cho, (") Seo Hee Ko () and
Young Lan Kwak

Summary

Introduction Peri-operative anaemia is a common problem in patients undergoing cardiac surgery.
Postoperative anaemia is not well understood relative to pre-operative anaemia; limited data exist on
haemoglobin recovery and mortality after discharge, especially in the era of restrictive transfusion practice. We
aimed to investigate the associations of pre-operative and persistent postoperative anaemia with 1-year
mortality in patients undergoing valvular heart surgery.

Methods We identified patients who had undergone valvular heart surgery and allocated them to one of four
groups based on their pre-operative (haemoglobin > 130 g.I"" and < 130 g.I'" in men and > 120 g.I"" and
<120 g.I"" in women) and postoperative (measured 2 months after surgery; haemoglobin > 100 g.I"" and
<100 g.I"" in both men and women) anaemia status. The four groups were: pre- and postoperative
non-anaemia (non-anaemia—non-anaemia); pre-operative anaemia—postoperative non-anaemia
(anaemia—non-anaemia); pre- and postoperative anaemia (anaemia—anaemia); and pre-operative
non-anaemia—postoperative anaemia (non-anaemia—anaemia). The primary outcome was 1-year mortality.
Results Data from 2486 patients were included. Pre-operative anaemia was diagnosed in 1107 patients
(44.5%) and 279 (11.9%) met the diagnostic criteria for persistent anaemia 2 months postoperatively. The
overall 1-year mortality rate was 3.3%. The highest rate was observed in the anaemia—anaemia group (17.8%),
followed by the non-anaemia—anaemia (13.1%), anaemia—non-anaemia (2.9%) and non-anaemia—non-anaemia
(0.5%) groups. Multivariable Cox regression analysis showed that the non-anaemia—anaemia group had the
highest risk of 1-year mortality (adjusted hazard ratio 14.44, 95%Cl 4.88-42.69), followed by the
anaemia—anaemia group (adjusted hazard ratio 10.94, 95%Cl 4.41-27.16).

Discussion Our study highlights the high prevalence of persistent anaemia following valvular heart surgery.
Persistent anaemia 2 months postoperatively is associated with an increased risk of 1-year mortality.
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Introduction

Peri-operative anaemia is prevalent in patients undergoing
cardiac surgery, with a reported incidence of 20-54%[1, 2].
Pre-operative anaemia has been associated with an
increased risk of mortality and morbidity in this patient
population [3, 4]. Accordingly, treatment of pre-operative
anaemia is a key component of patient blood management
in cardiac surgery [5]. In contrast, the natural course of
postoperative anaemia is not as well understood, with
limited data on haemoglobin recovery following successful
recovery from surgery and discharge from hospital. Cardiac
surgery requiring cardiopulmonary bypass (CPB) s
accompanied by haemodilution, coagulopathy, bleeding
and systemic inflammation, contributing to ineffective
restorative erythropoiesis, all of which increase the risk of
persistentanaemia[1, 6, 7]. Moreover, restrictive transfusion
practices leave many patients with anaemia at discharge,
imposing an additional burden on haemoglobin recovery
(8,91

It is biologically plausible that persistent postoperative
anaemia is associated with worse long-term outcomes not
only by interfering with tissue oxygen delivery but also
reflecting a heightened inflammatory state, accounting for
the close observed association with persistent anaemia and
suppressed erythropoiesis [6]. To date, most studies
addressing postoperative anaemia have focused on the
immediate and/or early postoperative period [10-12],
leaving the long-term trajectory of peri-operative anaemia
and its association with patient outcomes largely
unexplored.

In this study, we aimed to explore the association of
pre- and postoperative anaemia status with 1-year mortality
in patients undergoing valvular heart surgery, with
particular emphasis on the prognostic role of persistent
postoperative anaemia in patients who did and did not have
anaemia before surgery.

Methods

The study protocol was approved by the Institutional Review
Board and Hospital Research Ethics Committee of
Severance Hospital at the Yonsei University Health System,
and the requirement for informed consent was waived.

We included patients who underwent valvular heart
surgery between 1 January 2016 and 31 July 2023 at the
Severance Cardiovascular Hospital of the Yonsei University
Health System in Seoul, Republic of Korea. Patients who
underwent valvular heart surgery and simultaneous
coronary artery bypass grafting or replacement of the
ascending aorta were also included. Only patients aged

> 18 y were included in the analysis. We did not study:

patients who underwent only pulmonary valve replacement
surgery (as this group typically comprises younger
individuals with congenital heart disease); patients who
died within 2 months of surgery; and patients with missing
haemoglobin values at 2 months postoperatively.

Patient data up to 31 January 2024 were retrieved
retrospectively from the electronic medical records. We
collected  pre-operative  data, including patient
characteristics, medical history, medications and the
predicted 30-day mortality estimated by the European
System for Cardiac Operative Risk Evaluation (EuroSCORE-
2). Pre-operative laboratory tests included: haemoglobin
concentration; red blood cell distribution width; platelet
count; plasma creatinine; plasma albumin; and plasma
C-reactive protein concentrations. Monocyte-
to-lymphocyte ratio was used as an indicator of
inflammation [13]. Operative data included the type and
urgency of surgery; duration of CPB; and duration of aortic
cross-clamp. Requirement for intra- and postoperative
allogeneic red blood cell transfusion and volume of
re-infused cell salvage (as a surrogate for intra-operative
blood loss) were collected. Postoperative transfusion was
assessed over two timeframes: at discharge; and within a
1-year period after discharge. In general, a red blood cell
transfusion occurred when the haemoglobin concentration
was <70 gl" during CPB; <80 gl' after CPB; and
postoperatively at the discretion of the attending physician.

We also obtained information on ICU and duration of
hospital stay. Adverse postoperative events before
discharge were included, specifically myocardial infarction
(defined using the fourth Universal Definition of Myocardial
Infarction [14]); cardiac arrest; new-onset atrial fibrillation;
acute kidney injury (defined by the Kidney Disease
Improving Global Outcomes guidelines [15] as a
26.4 mmol.I"" increase in serum creatinine level within 48 h
or 50% increase in serum creatinine level from baseline
within 7 days); continuous renal replacement therapy;
sternal wound infection; stroke; delirium (assessed daily
using the Confusion Assessment Method for the ICU during
the ICU stay [16]); pneumonia; respiratory failure (requiring
pulmonary rehabilitation or tracheostomy); mechanical
ventilator support for over 48 h; tracheal re-intubation; and
cardiac re-operation. We defined our composite measure of
postoperative complications as the occurrence of at least
one adverse event.

We used the World Health Organization definition of
pre-operative anaemia (haemoglobin < 130 g.I”" for men
and < 120 g.I'" for women) based on the last haemoglobin
measurement before the index surgery [17]. We recorded

the nadir haemoglobin during surgery and the last
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recorded haemoglobin before exiting the operating
theatre. After surgery, haemoglobin levels were measured
at least once per day until discharge. After discharge,
patients were encouraged to attend the hospital at 2 weeks
and 2 months postoperatively for follow-up. Postoperative
anaemia was defined as a haemoglobin < 100 g.I" at
2 months postoperatively. This threshold has been used in
previous studies involving both cardiac [18-20] and
non-cardiac surgical patient populations [21-23], in which
significant associations between postoperative anaemia
and clinical outcomes were reported [24, 25]. Patients were
classified into four groups: pre- and postoperative
non-anaemia (non-anaemia-non-anaemia); pre- and
postoperative anaemia (anaemia—anaemia); pre-operative
anaemia and postoperative non-anaemia (anaemia—non-
anaemia); and  pre-operative = non-anaemia  and
postoperative anaemia (non-anaemia—anaemia).

The primary outcome was mortality at 1 year. The
survival status of patients lost to follow up was verified using
nationwide census data from the Ministry of the Interior and
Safety of Korea. We performed time-to-event analysis, with
survival time calculated from the date of surgery to the date
of all-cause death or last follow-up, whichever occurred first.
We explored the non-anaemia—anaemia group secondarily
to identify the risk factors associated with the development
of postoperative anaemia in patients without pre-operative
anaemia.

We compared baseline patient characteristics and
peri-operative clinical data between the four groups using
the Kruskal-Wallis test for continuous variables and the y2 or
Fisher's exact test for categorical variables depending on
count. Tukey's correction was used to adjust for multiple
pairwise comparisons.

The pre- and postoperative anaemia status variable,
along with other possible peri-operative variables, were
considered as possible risk factors for 1-year mortality.
Variables with p < 0.05 in univariable Cox regression
analyses were selected for inclusion in the multivariable
model. All potential risk factors were evaluated for
collinearity before inclusion in the multivariable analysis. To
avoid multicollinearity, we did not include variables that
were components of the EuroSCORE-2 index, such as: age;
sex; comorbidities; left ventricular ejection fraction; type of
surgery; and emergency surgery. The univariable analyses,
Akaike information criterion-based stepwise variable
selection [26] and least absolute shrinkage and selection
operator  selection [27] results were assessed
comprehensively alongside clinical and epidemiological
judgement to finalise the multivariable models of 1-year

mortality. Further detailed information regarding this

multivariable modelling process is provided in online
Supporting Information Appendix S1 and conceptually
illustrated in online Supporting Information Figures S1
and S2.

Multivariable Cox model hazard ratios with
corresponding 95%Cls and p-values were derived. We
evaluated the discriminative ability of the multivariable
model using Harrell’s C-index [26] and the adjusted survival
curves of the four groups were plotted based on this
multivariable model. The proportional hazards assumption
was checked for the multivariable model using the cox.zph
function of the R package “survival’[28].

We calculated the E-value of the hazard ratio point
estimate and its corresponding lower 95%Cl to assess the
effect of potentially unmeasured confounders in a sensitivity
analysis [29]. The E-value represents the minimum strength
of association that an unmeasured confounder would need
to have with both exposure and outcome to fully nullify the
observed association. In addition, the possible interaction
or effect moderation between the pre- and postoperative
anaemia status variables was evaluated. For secondary
analysis, we used multivariable logistic regression to
identify the risk factors for new postoperative anaemia
among patients without pre-operative anaemia. Model
performance was evaluated using the area under the
receiver operating characteristic curve (AUROC).

Statistical analyses were performed using IBM SPSS
Statistics for Windows, version 25.0 (IBM Corp., Armonk, NY,
USA) for descriptive and univariable analyses and R version
4.3.3 (R Foundation for Statistical Computing, Vienna,
Austria) for variable selection and multivariable modelling.
All statistical tests were two-sided, and statistical
significance was setatp < 0.05.

Results
In total, 3065 patients were screened; 579 patients were not
studied based on the exclusion criteria, and the remaining
2486 were included in the analyses (Fig. 1). Pre-operatively,
1107 (44.5%) patients had anaemia and 297 (11.9%) had
anaemia at 2 months postoperatively. Among the included
patients, 236 (9.5%) were allocated to the anaemia—anaemia
group; 1318 (53.0%) to the non-anaemia—non-anaemia
group; 871 (35.0%) to the anaemia—non-anaemia group;
and 61(2.5%)to the non-anaemia—anaemia group (Fig. 1).
Patient characteristics and comorbidities varied
significantly among the four groups (Table 1; full version
available in online Supporting Information Table S1).
Patients in the anaemia—anaemia group were older, had
more comorbidities and had a higher EuroSCORE-2 than

the other groups. These patients required more allogeneic
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(
Enrolment } Assessed for eligibility (n=3065)

Excluded (n=579)

* Hb data not available (n=548)

* Mortality prior to 2-month follow-up
(n=24)

* Isolated pulmonary valve replacement
(n=7)

Allocated (n=2486) ‘

L

Allocation 1

Pre-operative Hb < 130 g.I"" in men
Pre-operative Hb < 120 g.I"" in women
(n=117)

Pre-operative Hb = 130 g.I'" in men
Pre-operative Hb = 120 g.I'" in women

(n=1379)

Postoperative Hb < 100 g.I! Postoperative Hb > 100 g.I"!
(n=236) (n=871)

Postoperative Hb < 100 g.I"! Postoperative Hb > 100 g.I"
(n=61) (n=1318)

{ Analysis

Anaemia-anaemia Anaemia-non-anaemia

(n=236) (n=871)

Figure 1 Study flow diagram. Hb, haemoglobin.

red blood cell transfusions throughout the assessment
period. Patients in the non-anaemia—anaemia group had
longer CPB and aortic cross-clamp durations than those of
the other groups. All laboratory findings, including
haematological and inflammatory indices, showed
significant differences among the four groups (online
Supporting Information Table S2).

The overall 1-year mortality rate was 3.3% (81/2046),
with significant between-group differences (p < 0.001)
(Table 2). The highest mortality rate was observed in
the anaemia—anaemia group (42/236, 17.8%), followed by
the non-anaemia—anaemia (8/61, 13.1%), anaemia—non-
anaemia (25/871, 2.9%) and non-anaemia—-non-anaemia
(6/1318, 0.5%) groups. The duration of hospital stay was
significantly longer in the anaemia—anaemia group than in
the other groups (p < 0.001). The incidence of composite
postoperative complications was the highest in the

anaemia—anaemia group, followed by the non-anaemia-

Non-anaemia-non-anaemia

(n=1318)

Non-anaemia-anaemia (n=61)

anaemia group; both incidence rates were significantly
higher than those in the other groups (p < 0.001).

The unadjusted Kaplan-Meier and multivariable Cox
model-adjusted 1-year survival curves for the four groups
are shown in Figure 2. Survival probabilities varied
significantly among the four groups (log-rank test,
p < 0.001). Following univariable Cox regression (online
Supporting Information Table S3) and a predefined variable
selection process, five risk factors were included in the
multivariable Cox model: pre- and postoperative anaemia
groups;  EuroSCORE-2;  monocyte-leucocyte  ratio;
requirement for postoperative allogenic red blood cell
transfusion; and composite of postoperative complications
(Table 3). After adjusting for the other four variables, the
pre- and postoperative anaemia group stratification
remained significantly associated with 1-year mortality
(p < 0.001). Compared with the non-anaemia—non-anaemia

group (reference), all other groups showed significantly

4 ©2025 The Author(s). Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.
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Figure 2 Survival curves using the (a) Kaplan-Meier and (b) multivariable Cox model methods for 1-year mortality according
to group assignment. Blue, non-anaemia—non-anaemia; sky blue, anaemia—anaemia; red, anaemia—non-anaemia; green,

non-anaemia—anaemia.

increased risk of 1-year mortality; the non-anaemia—
anaemia group had the highest risk (adjusted hazard ratio
14.44, 95%Cl 4.88-42.69, p < 0.001), followed by the
anaemia—anaemia group (adjusted hazard ratio 10.94, 95%
Cl 4.41-27.16, p < 0.001) and the anaemia—non-anaemia
group (adjusted hazard ratio 3.33, 95%Cl 1.33-8.30,
p = 0.010). The risks of mortality did not differ significantly
between the anaemia—anaemia and non-anaemia—anaemia
groups (p = 0.486). The concordance index of the final
prognostic model was 0.882 (95%Cl| 0.843-0.921). The
proportional hazards assumption was satisfied for all five
variables included in the final prognostic model, especially
for the pre- and postoperative anaemia groups’ variable,
with a Schoenfeld residual-based test (p-value of 0.554).

A sensitivity analysis was conducted using the E-value
methodology (Table 3). For the 1-year mortality, the
adjusted hazard ratio for the non-anaemia—anaemia group
was 14.44 (95%Cl 4.88-42.69), corresponding to an E-value
of 28.37 for the point estimate and 9.23 for the lower Cl. The
E-values for the anaemia—anaemia and anaemia—non-
anaemia groups were 21.37 and 6.12 for point estimates

and 8.29 and 1.99 for lower Cls, respectively. These

relatively high E-values and the fact that the E-values of 9.23
and 8.29 for the lower Cl exceeded the point estimate
hazard ratios of all other covariates in the model (1.05, 3.12,
2.45 and 3.77, respectively) indicated the robustness of the
observed associations and suggested that they are unlikely
to be explained by unmeasured confounders.

In the interaction analysis, we found a statistically
significant interaction between the pre- and postoperative
anaemia status variable and 1-year mortality (interaction
term, p = 0.008) upon adjustments for other confounders.
The magnitude of this moderating effect was evaluated by
stratifying the survival analyses (online Supporting
Information Table S4). Stratification by pre-operative
anaemia status revealed that, in patients who did not have
pre-operative anaemia, persistent anaemia 2 months
postoperatively had a pronounced effect on 1-year mortality
(adjusted hazard ratio 16.59). This strong association might
have attenuated the relative contributions of other
covariates in the model, as none of the additional predictors
reached statistical significance in this subgroup. In contrast,
for patients with pre-operative anaemia, the impact of

persistent anaemia 2 months postoperatively on mortality
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Table 3 Multivariable Cox proportional hazards model* of 1-year mortality after valvular heart surgery and corresponding E-

values.
Variables Hazard ratio
Group
Non-anaemia—non-anaemia Ref
Anaemia—anaemia 10.94
Anaemia—non-anaemia 3.33
Non-anaemia—anaemia 14.44
EuroSCORE-2 1.05
Monocyte-to-lymphocyte ratio 3.12
Requirement for 2.45
postoperative allogeneic
red blood cell transfusion
Sustained postoperative complication 3.77

EuroSCORE-2, European System for Cardiac Operative Risk Evaluation.
*Multivariable model concordance index (95%Cl): 0.882 (0.843-0.921).

was relatively low (adjusted hazard ratio 3.20), while
retaining statistical significance.

Among patients without pre-operative anaemia, the
risk factors for new, persistent postoperative anaemia
included: elevated pre-operative red blood cell distribution
width; longer CPB time; requirement for intra-operative
allogenic red blood cell transfusion; and development of
postoperative complications (Table 4). The AUROC of this
multivariable logistic regression model was 0.795 (95%Cl
0.732-0.858). Univariable logistic regression results are
provided in online Supporting Information Table S5.

Discussion

In this retrospective, single-centre, observational study,
persistent postoperative anaemia assessed 2 months after
valvular heart surgery was observed in 11.9% of patients
and showed an independent association with 1-year
mortality, irrespective of the pre-operative anaemia status.
Mortality increased by 14.5-fold and 11-fold in patients who
developed postoperative anaemia (non-anaemia—anaemia)
and those who had anaemia before surgery (anaemia—
anaemia), respectively, compared with patients who did not
have anaemia at any time point (non-anaemia-non-
anaemia). These findings underscore the prognostic
importance of monitoring postoperative haemoglobin
recovery, as persistent postoperative anaemia is associated
with, and may be a risk factor for, poor long-term outcomes
following valvular heart surgery.

Postoperative anaemia after cardiac surgery is common,
with a reported incidence of 29%-94%, based on the
definition and patient population [9]. In our study,
the incidence was 11.9% using a haemoglobin threshold of

95%Cl p-value E-value for E-value for
point estimate lower 95%ClI
< 0.001
Ref
4.41-27.16 < 0.001 21.37 8.29
1.33-8.30 0.010 6.12 1.99
4.88-42.69 < 0.001 28.37 9.23
1.03-1.08 < 0.001
1.89-5.16 < 0.001
1.12-5.37 0.025
1.87-7.59 < 0.001

100 g.I" and 57.9% using the World Health Organization
criteria measured at 2 months postoperatively. These
findings are comparable with those of a previous study
reporting 19% incidence with haemoglobin <90 g.I'" and
44% according to the World Health Organization criteria at
50 days after coronary artery bypass grafting [13]. While pre-
operative anaemia is a well-established risk factor for poor
outcomes in cardiac surgery[3, 4, 30], the long-term impact of
postoperative anaemia is not well studied. Most research has
focused on early postoperative anaemia, typically defined as
occurring  within 2-10 days or before discharge; this
phenomenon is correlated with adverse outcomes,
particularly when the haemoglobin falls below 70-89 g.I”
[10, 11]. However, evidence of the effects of persistent
postoperative anaemia and the clinical implications of the
changing anaemia status over time remain limited [10-12].

In this study, both pre- and postoperative anaemia and
newly developed persistent postoperative anaemia were
associated significantly with increased 1-year mortality after
valvular heart surgery, with large E-values supporting the
robustness of these findings against potentially
unmeasured confounders. Postoperative anaemia was four
times more common in patients with pre-operative anaemia
than in those without and was associated with the highest 1-
year mortality in the anaemia—anaemia group. This aligns
with the findings by Opera et al. in which increased mortality
was reported in patients with both pre- and postoperative
anaemia (adjusted hazard ratio 1.50, 95%Cl 1.25-1.79,
p < 0.001)[12].

Notably, however, we observed a significant interaction
between pre- and postoperative anaemia status and 1-year

mortality in our study, indicating that the development of
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Table 4 Multivariable logistic regression model* of postoperative anaemia among patients without pre-operative anaemia.

Variables

Pre-operative red cell distribution width; %

Cardiopulmonary bypass time; min

Requirementforintra-operative allogeneic red blood cell transfusion

Sustained postoperative complication

Odds ratio 95%Cl p-value
1.55 1.28-1.89 < 0.001
1.01 1.00-1.01 0.002
3.44 1.97-6.03 < 0.001
3.06 1.76-5.42 < 0.001

*Multivariable model area under the receiver operating characteristic curve 0.795 (95%CI 0.732-0.858).

new postoperative anaemia had a more pronounced effect
on mortality after correcting for several statistically and
clinically relevant potential confounders. Several factors
could explain this observation. Patients who develop
anaemia after surgery may experience greater physiological
stress, while those already with pre-operative anaemia may
develop compensatory mechanisms through chronic
exposure to low haemoglobin, a phenomenon known as
‘anaemia tolerance” [31-33]. Moreover, new, persistent
anaemia may be a marker of postsurgical complications or a
more complicated recovery process.

In the current study, new, persistent postoperative
anaemia was associated with elevated pre-operative red
blood cell distribution width, longer CPB time, intra-operative
transfusion and the occurrence of postoperative
complications, findings that are consistent with and expand on
previous research [9]. The identified conditions likely impair
erythropoiesis through mechanisms involving inflammation
and disruption of iron homeostasis [34]. The intriguing
association with elevated red blood cell distribution width, a
haematologic parameter reflecting impaired erythropoiesis,
aligns with previous studies revealing its link to adverse
outcome after cardiac surgery [35]. However, specific
biological mechanisms connecting red blood cell distribution
width to impaired haemoglobin recovery — such as iron
deficiency —warrant further investigation. Further investigation
is also warranted to elucidate the role of this marker as an
indicator of effective haemoglobin regeneration during
postoperative recovery. Overall, our study underscores the
need for vigilant monitoring of postoperative haemoglobin
levels, especially in patients without pre-operative anaemia
with complicated surgical and postoperative courses.

Some meta-analyses have suggested that pre-
operative intravenous iron therapy may improve mortality
outcomes after cardiac surgery [36, 37], although its clinical
effectiveness remains a subject of ongoing debate. Given
that its haemoglobin-raising effects begin and rise gradually
over the 4-8 weeks after treatment [7], its role in enhancing
postoperative haemoglobin recovery, rather than solely
correcting pre-operative anaemia, warrants further

investigation.

This study has several strengths. First, we included a
relatively large cohort of patients undergoing valvular heart
surgery who received restrictive transfusion  with
postoperative haemoglobin levels assessed 2 months after
discharge, a time point not evaluated commonly in previous
studies. Second, by examining both pre-operative and
prolonged postoperative anaemia, we provide a more
comprehensive understanding of the relationship between
peri-operative anaemia and patient outcomes. Third, the
analysis was adjusted for a wide range of potential
confounders, including postoperative complications, blood
transfusion and patient and surgical factors, to better isolate
the independent association between anaemia and mortality.

However, this study has some limitations. First, while the
observed association between postoperative anaemia and
mortality was statistically significant, the retrospective study
design precluded definitive conclusions regarding causality.
The findings should not be assumed to imply that correcting
postoperative anaemia will improve patient survival. Our
results are best viewed as hypothesis-generating and
highlight the need for prospective studies to clarify whether
intervention can modify long-term outcomes. Second,
because the study was conducted at a single tertiary centre,
the generalisability of the results to other settings may be
constrained. Third, although anaemia is a multifactorial
condition with distinct aetiologies, we could not assess the
underlying causes of pre-operative anaemia systematically.
Lastly, the timing and threshold used to define
postoperative anaemia were investigator-determined and
based on a single haemoglobin measurement, which may
not fully reflect the dynamic changes in haemoglobin levels
over time. Furthermore, by choosing a common
postoperative haemoglobin threshold between the sexes, a
sex bias was created. Some recent international consensus
statements suggested a uniform threshold of haemoglobin
< 130 g.I"" for both sexes [38, 39], along with a recent effort
to highlight the importance of sex parity on pre-operative
anaemia [40]. However, pre-operative anaemia thresholds
for men and women could not be standardised as our
analysis using anaemia thresholds at haemoglobin
< 130 g.I'" for both sexes would lead to notable reduction in
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the non-anaemia—anaemia group (from 2.5%to 1.4%), which

would compromise the statistical power of the current study.
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